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Abstract

Objective: Some peoplavith major depressive disorder (MDI)ay beat a pre-onset stage
for Bipolar Disorder BD), whereearly identification omprevention effortgnay be feasible
We aimed to identify raeand characteristicgredictive of transition toBD in prospective

follow-up studiesof peoplewith MDD.
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Methods. Using a systematic search strategy, identified studies with adiagnostic
ascertainment of MD and BD of an adequate standaaddwhere theminimum length of
follow-up was 6 months. We examined thecidenceand point prevalence of BDand the
pooled odds ratiofOR) for baseline predictors

Resultsy Fromy 5554 unique publications, 56 were includbkarly a quarter of adults
(22.5%) andyadolescentwith MDD and followed up fora mean length of 148 years
developed BDwith the greatest risk of transition being in the first 5 y€lne metaanalysis
identified.thattransitionfrom MDD to BD was predicted byamily history of BD(OR=2.89,
95%CI12:014.14,N=7), earlierage of onsebf depressior{g= -0.33, SE=0.05,N=6), and
presenceé of psychotic sympto@R=4.76, 95%CI1.7912.66,N=5).
Conclusion:#Participantswith the identified risk factorsnerit closer observation and may

benefit frompreventionefforts especially if outcomes broader than BD are considered

Funding: None

Keywords: bipolardisorderdepressionmetaanalysis risk factors,affective disorders

Summations

1. Wearly a quarterof MDD cases followed up for more than 12 years transtido
BD, with the greatest risk in the first 5 years of folto.

2. 'Consistent predictors ¢fansitionwere a lower age of MDD onset, family history of
BD, and presence gisychotic symptoms in metmalysis and subthreshold manic
symptoms, in qualitative synthesis.

3. Use ofi samplesvith MDD enriched using such a profile may help identify -sub
groups where preventive interventions may be feasible, especially if outcomes

broader than bipolar disorder are considered.
Considerations

1. The quality of included studies were highly variable and this may contribute to bias

2. Clinical and statistical heterogeneity limitenetaanalysis osomerisk factors
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3. Future cohort studies that have adequate statistical power to examine these risk
factors may be necessary to clarify the relative predictive validity of risk $adtor

terms of independence, additive effects, and/or magnitude of effect.

I ntroduction

Early interventionmay help to reducéhe impact of bipolar disorder (BD)(1). To achieve
this, prevenative efforts firstrequirethe identification ofindividualsat highestisk of onset
of mania,or.hypomaniaThere areseveralpotential high risk stateincluding where a person
has (i) afamily history of BD(2); (i) subthreshold moodgymptoms(3, 4), or (iii) major
depressiomlisorder (MDD)(3). From the perspective of prevention of BBmily history and
subthresholdnood symptoms have been relatively well studigtile peoplewith MDD
have notbeen a major target of early identification effofiargetingMDD may holdsome
advantages compared to the other dsktes.First, most peoplewith BD (58-71%) have
depressive ons@blarity (5). Second, MDD may represent a more proximal risk state for BD.
For example,asymptomatic familialatrisk cohorts need to be followed up for significant
lengtts of timeto allow for sufficient transitionés). Thus, akey pragmati@uestion forearly
interventionis \whether the likelihood of transiticio BD from MDD occurs at a sufficient
rate to justify screening anchtervention. Additionally, factors that help improve the
identificatienof thosewith a greater likelihood of transiticio BD may be of direct relevance

to cliniei@ns providing care fqreoplepresentingvith major depressive episodes.

While previous reviews have examindte development oBD in samples with depression
these have_beenunsystematic(7), limited to antidepressanaissociated switcl{8) or in
samplesunder the age of 1®). Importantly, variability infollow-up periodshas not always
been consideredndis likely to impact on transition rate estimatd$us, theaims of the
study were to examing(i) how likely transitiorwasfrom MDD to BD; (ii) whetherthere was
a peak risk period in which transitions occand (iii) whether thereveredistinctiveprofiles

of individuals who transitiofrom MDD to BD.

M ethods
We examined the published literature on the ratelpredictors of longitudinal transition to
BD | or Il among cohorts identified to have syndromal MBDbaselinghat were followed

up prospectively The reporting of the systematic revieaonforms with the Preferred
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Reporting Items for Systematic Review amdetaAnalysis (10) (PRISMA) checklist
(Supplementary Table 3).

Search Strategy: We constructed two strategies asghrcheditationsof included studies or
reviewsto identify all relevanipublications that met eligibility criteria for the reviewhe
primary search strateggcludedthe following termsn title and abstracts:

1. Mood/ disorders Depressive disorder, Affective Disorders, Psychqgti@tpolar
Disorder (or Bipolar and related disorde(®) full texts) along with unipolar*,
depressivgdisorder* OR syndrome*) MDD, (severe OR endogenous OR neurotic)
(depression* OR depressive), cychatii, labile, hypomani*, hypermani*, manic,
mania*, bipolar, BP, BD, BPI, BPII, mood, affective, paraphren*lppslar

2. Study method The termsconversion, evolv*, cycl*, shift*, switch*, progress*,
predict*, emerg*, transition*, progress*, develogstability

These termsvere searcheth Medline, BycINFQO, and Embaségusing the Ovid interfacg
and limited to articles published fromh January 1979 until 16 September2016.
Bibliographies of reviewand original research articles were screened for relevant materials.

Please seBupporting Information (onlindpr a full search algorithm.

Eligibility Criteria
We included
1._.articles published in English

2. originalresearch

3. @studies with paediatri¢c adolescentand adult samplesup to the age ob5 years
Samples required baseline diagnosis dfiDD usingrecognized diagnostic criteria,
namely the Diagnostic and Statistical Manual for Mental Disorde3¥ édition or
laten or the InternationalClassification of Disease&Qth ed.;ICD-10; World Health
Organization, 2010

4. studies. where th&8D | or Il diagnosisvas madeusingdiagnostic criteridrom the 3"
edition or later versions of the DSM (DSM), Research Diagnostic Criteria (RDE
‘definite’ for hypomania)pr ICD-10;
studieswith aminimum follow-up of 6 months

studies that reported both rates gmddictorsof transitions
We excluded

1. studiesof geriatric depression t@duce risk ofinclusion ofsecondarprganicmania
(11)
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2. record linkage studiesr studies using administrative datasatshese studiesften
have poorer reliability and sensitivity with regards tadiagnostic ascertainment
(particularly for BD Il (12)) than studies where participants were individually
interviewed for research purposekdditionally, clinician diagnees used in these
registersare oftensignificantly discordant from research diagnosesd also differ
betweerregistrieg13);

3. studiesthat did not report data ddDD cases separatebt baselineand/or did not
report.the outcomes for MDD cases separately at fellpwThis includedtrans
diagnosic or dieasefree samples recruited to prospecthigh cohort studie14)

andstudies of higkrisk families or offspring of parents with B@25).

Study Selection: Identified articles were initially screenéddependentlyby AR and two
other researchergirom SC, MA, SH and CD)to assess eligibility. Anyuncertainties

regarding eligibilitywere resolvedia consensus

Data Extraction:
Data were extracted from included studies in a systematic manner using-degigned
extraction | form (undertaken by AR)On the proforma the following information was
recorded (i) study design(ii) country of origin (iii) baselinesample sizg(iv) diagnostic
criteriathat,were employed ditaseline and follovup, assessmerihstrumens usedand the
personundertaking the examinatiprfv) treatment setting(vi) sampé attrition rate (vii)
follow-up duration and reassessmeimie points (viii) blinding of assessment at folleuy;
(ix) whether efforts were made to exclu8lB casesat baseling(x) baseline characteristics
including age, gendedepressivgphenomenolog and reportedomorbidites illness course,
exclusion criteria, treatment characteristiéd) outcome of BD(and any BDsubtypes,
prevalence and numberf casesat follow ug and (xii) predictors identified in individual
studies'statistical method®r analysesand reporte@ffect sizes
We aimed to examine the following group of predictive variables
1. demographic features - age and gender
2. family history - family history of BD, family history of affective disorders (including
MDD_er BD, where authors did not report theevalenceseparately), presence of
multi-generational family histories or a ‘loaded affective pedigree’. A loadedyfamil
history: was defined as the presence of 3 or more family members with a mood
disorder and a mulgenerational family history was defined as 3 generations of the

family tree having at least one person with a mood disorder.
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3. course characteristics of MDD- age of onset of MDD, presence of recurrent MDD
(defined as the presence of more than 1 MDE), presence of chronic MDE (defined as
the persistence of MDE for more than 2 years)

4. symptom characteristics associated with baseline MDD - presence of psychotic
symptems, presence ofanic symptoms below the threshold for BD | or Il, atypical
symptoms of depression, and presence of specific symptoms such as guilt, tiyritabili
and somatic symptoms. Manic symptoms below the threshold of BD | or Il could
include BD NOS, (hypo)manic syngohs in the context of medication use (referred
to_as_‘pharmacological hypomania’), as well as manic symptoms. Presence of
psychetic symptoms could be examined only within thesarbple of studiethat
did,not select participants solely based on their diagnoses being one of MDD with
psychosis.

5. comorbid disorders - presence of comorbid anxiety disorders; disrupbiebaviour

disorders (e.g., ADHD, conduct disorders); and personality disorders.

Heterogerity in definition of baseline variablesTo decrease clinical heterogeneignly

those variables defined ia similar manner across studiesere pooled. For xample
psychosis \was combined with reports of ‘delusions and hallucinatiomgbharmacological
hypomania was not combined with hypomanic symptokivith respect todiagnostic
heterogeneity, participants with baseline diagnoses o$chizoaffective disorder(i.e.,
depressive type at baseline and manic stgellow-up) were excludedrbm theexamination
of BD rates In line with DSM IV (16), the development ofixad episodes in cases with

MDD were considered equivalent to manic episodes.

Data management ofiultiple outputsfrom individual cohors. Data from multiple reports for

the samecohorts were includegrovided that duplicate data were not included within any
specific_analysisFor exampleamong cohorts where rates of BD were reported at more than
one followup . time, data fromeach followup wereincluded for quantification of ra¢ of
transition over timeensuring that data from each cohort did not appear more than once in
each pooled ranalysisThus, for eachpooled analysis, only independent datasets were

included

Definition of prepubertal studietn line with previougnetaanaly®s (18), sudieswhere the

majority of the sample was described as prepubertalhere the mean baseline age of the

sample wadess than or equal to lyearsat baseline were considered to fepubertal
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studies. These were analysed separately dtleetoossibility thatprepubertaBD may have
been diagnosed differently from adphittern BD(16).

Variables were included in a qualitative synthesis if more than one indep@uibiination
examined anysassociation between the variable and/Bbables weradditionallyincluded
in a quantitative synthesig three or more independent repoeilsaminedan association
between, tht variable and BDLength of followup was used as a proxy measure oftittme
to the index.episode oBD, as this was the most consistent information availalle.
guantitative_analysis, mean length of folloyyg wasutilized when this information was

directly available or could be extractedm thereporteddata

Quality "Assiirance:  Study quality was assessed using a purpdsélt measure This
included items from the Newcastle Ottawa S¢alé andthe Strengtheninghe Reporting of
Observational Studies in Epidemiolog3TROBE) statementl8). The instrumentoveed

the domains of overall study design, ascertainment of diagnoses, representativemess of t
depressed sample at baseline, blinding on follgmassessment, the rate of attrition of the
sample and the risk of inclusion of subthreshold BD on felipXdetails in Supplementary
Table 3.

Statistical”Analyses. Analyses were conducted separately gogpubertalsamplesand for
adolescent anddult samples(the latter two groups wereombined) usingandom effects
modelsgfrom theComprehensive MetAnalyss v2.0. The main outcomes for the meta
analytic component of the review were
1. lincidenceof BD | or Il expressed in events per 100 person years of fallgvand
2. pointprevalence of BD | or Il expressed ageacentage
3. 'pooled odds ratio (OR) with 95% confidence intervals (95% Cigr predictors of
transition to BD | or I-we usedthe reportedR or estimated therfrom prevalence
data reported in studies.

Publication bias was examined by visual inspection of a funnel plot of logit event rate

(prevalence of BD on followap) mapped against study precisaond Egger’s regression

Analyses of rates and predictors:
Incidence:Within the first two years, incidence of BB 100 persoryears of followup was
estimated The personyears of followup werecalculatedby multiplying the mean duration

of follow-up (in years) with the megwopulation (number of persons) at risk during this
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period (19) The latter was derived using the intake sample size, the fallosample size
and the transitions to BD during this time. This method m@sused for analyses of later
follow-ups due to the lack ohdequate data on sampérition compared to transitioat

various time points.

Point prevalenceBeyond the tweyearfollow-up point, transitios to BD wereestimatedas

the point prevalence based on the identified number of persons who developed BD and the
persens.with-MDD who wertollowed up to thatime point(i.e., in the retained sample not

the original sample)

Examination<ofthe variance in point prevalencé&iven thepossible relationship between

prevalence of BD and length of follewp, and in the absence of survivahalysesor
individual patientdata from the studies, prevalence rates weregsooped based o)
measures of central tendency including mean, meala modg(ii) a visual examination of

a scatterplot of the length of folleup compared with point prevalence of BD at that length

of follow-up (metaregression)and (iii) percentile distribution of the length of follewp in

all postpubertal studiegdividing studies into quartileshe point prevalence wassed to

arrive at an approximate estimatkthe prevalence of BD per year of folleup (by dividing

the prevalence at each time point by the length of years of falf)wFor examination of the
varianceinythe transition rate over time, this prevalence rate per year of faliowas
correlatedwith the length of followup in years using Spearman’s rank correlatiorhis
method was limited to examination of the variation of rates of transitions oveptilypeas

this estimation does not account for the perngears followed up in each study and the
variability over time.When the effect of length of followp on thepoint prevalence of BD
could be minimized, subgroup analyses using moderators were conducted in order to examine
for effects of categorical variables (such as recruitment of samples) describing groups o
studies. Metaegressions were utilized to examine for residual heterogeneity refated
continuous variables such as age, gender distribution and study quality.

Analysis of predictors of transition to B[Pooled ORs were estimated from prevalence of

transition to.BD in groups with or without the variable present, or when this was not
available, then from univariateRs reported in the papers or available in communication with
the authors.“Subgroup analyses and megeessions weneot possible as few predictors had

sufficient studies in analyses of poolegs.

Examination of heterogeneit@tatistical heterogeneityas tested usintf values(20). I? is

the ratio of true heterogeneity to the total variance observed across the observed effect
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estimates(21). Random effects analyses were used uniformly in all analyses due to the
expectation of large clinical heterogeneity in the included studies due to which the
assumptions of fixed effects were not considered to be met. Random effects analyses were
also more likely to minimize the impact of very large or very small studieen\Vithel?

values were moderate or high (defined as >RB&20) using random effects models, the data
were notmpooled(21). Alternately, sensitivity analyses were conducted by excluding

individual studies to examine models with lowetistacal heterogeneity.

Results

---InsertFig Thabout here

Included'studies

Of 5554 unique publications,full texts of 188 articleswere screenednd 56 of thosemet
eligibility criteria (Figure 1). All studies provided qualitative da{®upplementarylable 1)
while 35 were utilizedfor the analysis of ratesf transition from MDDto BD, and24 studies
were includedin qualitative or quantitative synthesief predictors Studies varied
substantiallyin their designand quality (Supplementary Table)2Most studiesexamined
cohortswith MDD for a variety of outcomesnd examired BD outcomesn posthoc case
controldesigns. This meatttat a) either all risk factors were not measured atugjies were
not powered to examine thedadine risk factors for their ability to predict transition to BD in
univariateser, multivariate model¥here was no evidence of publication bias in a funnel plot
of logitrevent rate plotted against study precision (Supplementary Figureatrordingto
Egger’s testThe mearor median length of followup variedfrom 8 monthsto 18 years The

modal duration was 2 years and the mean length of fallpwas 5.8 years.

Studieswith adolescent and adult depression

Ratesof transitionto BD from metaanalysis

1) Incidence,of BD within 2 years of follow-up (Fig 2):

The cumulative incidencef BD was 40 per 100 personyears of followup (SE=0.5,
Q=10.5, df=107 1°=4.42) (Figure 2)(N=11). One study was excluded becausedtledhigh
statistical and clinical heterogenei{2). This is reflected in the study’s protocdiat
required multiplestructureddiagnostic assessments over ani@nith period and in the
findings that 22.5% of those with unipolar MDD werediagnosed as BD Il over this time
and 11.8% of those with an initial diagnosis of BD Il werglisgnosed as having MDD over

the 12month period.
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---Insert Fig 2 about here

2) Rates of transition over time

---Insert_Fig:3 about here

A randemeffects metaegression of the length of folleup on rateof transition to BD
indicated. a_significanpositiverelationship (Slope0.062, SE=0.03,Q=4.33,df= 1, p=0.038,
T?=0.62)s Thesscatterplot revead a cluster of studiewvith follow-ups of (i)up to 2 years(ii)
between2,and 6 yeai@ii) between 6 and 12 yeawnd(iv) more than 12 year&igure 3)
The prevalence of transition to BD in studies with 12 to 18 years of mean -gtiomas
22.5% (95% CI. 15.81.1), and suigroup analysis indicated that studies with length of
follow-up greater than 12 years had a significantly greater point prevaleopartpon) of
BD [Supplementaryigure2]. However thesestudies did not differ in their point prevalence
of BD whendivided into subgroups atutpoints (2.0y, 4.0 y, 100 y) based on quartiles
sensitivity analysesPlease seS&upplementaryFigure5 and footnotes for details of further
examination of residual heterogeneity in the point prevalence offB® prevalence rate per
year of followup was strongly negatively correlated with the length of follgws=-0.57,
p<0.001;N=35), and this resulemained after excludingneoutlier studyin the early years

of follow=tip (rs=-0.54,p<0.001,N=34) in sensitivity analysis [Supplementdigure 3].

Findings from qualitative synthesis of rates

In the largest study with multiple followps (21) the majority of transitions to BD br BD |
occurred in the first 4nd8 yearsrespectively. A further publication from the same dataset
(22) indicated that the rate tfansition to BD wa.5%caseger year in the first 5 yeassnd
showed. a rate ofdnsitionthereafter of approximately 0.5% per year. In the Zurich stR8y
andthe lowa500 study(24), over 85% of transitions from MDD to BD occurred witt8rb

years of prospective followp.

Baselne predictors associated witlansition toBD in metaanalysis
A) Gender

Ten reports provided data on gendiistribution, while seven provided homogeneous data

that allowed metanalysis The OR for trarsition to BD was nossignificantly lower in
females OR=0.74;95% Clof OR 0.48-1.13 Q= 5.84, @if= 6, 1’=0) (Figure 4) butonly one

studyreporeda significantassociatiorbetween male gender and transit{@b).
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---Insert Fig 4 about here

B) Age of onset of depression

Nine articlesexamined the associatidretween age of onset of MD&nd transition toBD

(25-34). Allsstudies exceptiwo (31, 34)identified asignificant associatiobetweernower age
of onset andiigher ratesof transition.Data from fivearticles were combined ina meta

analygs,andthe pooled Hedgeg of -0.32 (SE=0.05, Q=5.9Q df= 5, 1°=15.3%) indicated a
smallmediumeffect (Figure 5) Age at onset of MDD in cases that did deveRip was4.8

years BE=0.52) earlier than age at onset of MDDthosewho did notdevelop BD

---Insert Fig 5 about here

C) Family histery variables
Among eightstudies(25, 29, 31, 389), five identified a positiveassociation between family
history of BD and onset of BD, withpooledOR of 2.89 (95% CI: 2.1-4.14) (Figure 4.

Four studies (25, 28, 40, 4&xaminedthe association betweenfamily history ofaffective
disordergMDD or BD) and transition to BO§Figure 4; onereporteda significant association
(25). At'the _same timethree studiesand their pooled OR failed to identify a significant
association between family history of depression in the index cases antiotnaiasBD (31,
34, 42)

D) Presence of psychotic symptoms

Four of five studieseported a significant association between psychotic symptoms and later
onset ofBD (29, 32, 35, 36, 43)with a pooledOR of 4.76 (95% CI of OR: 1.7912.66
Q=5.23,df=4, I’= 23.5)(Figure 4).

E) Antidepressant use
Meta-analysis)of data from four studidemonstrated a nesignificant associatiofOR=1.5

(95% Clof OR: 0.68-3.48)| betweerantidepressant use atrdnsition to BD(29, 38, 44, 45)

Baseline predictors of transition based on qualitative data

A) Phenomenology and course of depression
Severity of depressiof80, 35) guilt (35, 46, 47) and mood lability(48, 49)coexistent with
baseline MDDwere associated with BOn two or three studies each. The relationship

between recurrent MDD was inconsistent with studies identifyisigmificant association
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(25, 30, 33, 50mnd others failing to do s(84, 42) The difference in reporting prevented
metaandysis Suicidal ideation(28, 47) or attempt425, 28, 31)id not consistently predict
transition. Chronicity of depression>2 years) (32, 36) and atypical features were
inconsistentlyrelated to thdransition toBD. One study(26) identified an association with
‘hypersomnieretarded’ depressiowhile later studies did not identify this association, in
multivariate(34, 47, 51)pr univariate (35, 42analysis

B) Subthresheld (hypo)manic features

The presenc®f subthreshold hypomanic symptor(84, 42, 48)was associated wittBD
transitionzLhetotal number of baselinmanic symptomsvas predictive of later BD irtwo
studiesthat alsoidentified a doseresponse relationship between the number of manic
symptoms andransition toBD (34, 42) Antidepressant associated subthreshold hypomanic

periods were associated with greaidds of transition in two studies (26, 52)

C) Other comorbid disorders and symptoms

Comorbid social phobia was associated with transition toiBBvo multivariate analyses
(33, 53) while\the relationship between substance use diso(@Br28, 33, 47ps well as
generalized anxiety33, 53)or anxiety disorders as a gro(@4, 47)and BD transition were

inconsistent

D) Other family history variables
Two studies(35, 36)identified significant associatiabetween risk of developing BD and
either a loaded family pedigréeith mutiple affected family members) or family histoo§

affective disorders spanning three generations

E) Other risk factors
Child abuse(51) and the severity of childhood traun{d4) were associated with later

transition to BD in multivariate analyses in two studies.

Prevalence and predictorsin prepubertal samples

The ecumulativeransitionrate to BDin four studieswith follow-ups ranging from 6 to 12
years was19:%% (95% Clof OR: 7.4 42.2 Q=3.08,df=3, 1°=2.6) (SuppkmentaryFig 4).
Within prepubertal sampl€§4-58), the predictors afransitionincludedfamily history(56),
subthreshold B¥59) andcomorbid disorderssuch asA\DHD (58).

Discussion
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Our metaanalysis identified thatofur persons out of every 100 with MDD followed up for
each yearare likely to transitiorto BD in the first two years Almost a quarter of those
followed up for more than 12 yeansnsitioned to BDQualitative synthesis suggestetht

the greatest risk ofransition from MDD to BD is in thefirst 5 yearsafter baseline
assessment, and metnalysis confirmed the finding of greater transitions in the early years
of follow-up:, The mostconsistentpredictors of diagnostic changamong pospubertal
samples, with/MDDin metaanalytic examinatiorwere family history of BD, earlierage of
onsetandpresence of psychotic sympton#sdditionally, qualitative results suggest that

subthreshold manic symptoms may be predictive of transition to BD.

Rates of transition: Within the first two years, the incidenoé BD was manytimes higher
among Samples with MDBompared witithe general populatiofestimated to b®.73 per
100 person years of followp) (60). Thus,MDD canbe a precursor stage fa@D, andcould

help identify persons at risk ofnania or hypmania especially in the early years of follew

up. Factors accouirig for theincreased transition raie the first few yearsnayincludemore
intensive followup, greaterparticipant retentionas well agpathogenic processes that first
account for the depressive episode but continue to operate to produce a first episawia of m

or hypomania shortly afterwards

Predictorsief transition: Family history of BDwasone ofthe mosttommonlyidentified risk
factors.<Fhe relationshipbetweentransitionand family history of mood disorders may be
confounded by two studies where the family history of BD may have increasedkiaf ri
transition(25, 35) The lack of relationship between a family history of depression and later
BD indicatesthe relative specificity of family history of BD to predicting later BD in MDD
samples. This is consistent with family history studies tiaate identified specificity in
familial transmission of mania and depress{6f). Identified predictive factorsuch as age

of onset, psychotic symptomandrecurrent MDDmay represenindependent vulnerabilities

or subtypes of depression wigreaterdisorderseverity. Two studies(35, 53)identified a
directassociatiorbetween depressia@everityand later BD.

Antidepressant use without associated hypomavaa not related to a greater risk of
transition in our metanalysis potentiallymoderated by the impact of mood stabilizers. In
one study(44), the group that later developed (hypo)mania was more likely to be taking
moodstabilizers even prior to their first (hypo)manic episode. Overall, the exclagighort

term follow-up studies(<6 months)may have limited our ability to examine the risk of

antidepressaratssociated mood switch.
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Limitations

The mainlimitation of the metaanalysisis quality of the included studiedNearly all studies
were caseontrol in designand there was substantialmethodological andclinical
heterogeneity with respect to cohohiaracteristics such as study desigdsample sizeThis
heterogeneityesulted in only amall number of studiesontributingto predictor analyses
limiting thewprecision of the estimates of effect size for each prediditerogeneity in
reporting_of data also limited the ability to examine the cumulative predictofegies of
factors zsueh.assubthreshold manic symptom#&mong the sources of heterogeneity,
differencesin _the baseline sample characteristosild beexplored in the analyses of rates
but not;among that of predictorBooling of ORs for predictorswith different lengthsof
follow-up:may introduce bigsasORs were reported at differetitne points. However, in the
absenceg of individugbarticipantlevel dataor survival curves for most studjethis method
may beconsidered acceptablgs?). In addition, there may ba possible low risk of
publication bias due to search parameters and limitafmns limitation of studies to those

published i English language)

Relevance for pre-onset identification and interventions

Given a greater clusteringf transitionto BD in the first few years in individual studiesd
metaanalysis follow-up and prevention efforts may be more effective in this time period.
The valtesef combining risk factors irisk prediction approa@sis suggested by an additive
effect_ofspredictive variable@8, 63) though this was not able to be explored in the meta
analytic componentDepressed personsho have an earlieonset a family history of BD
comorbid psychoticsymptoms and/or subthreshold manic symptomsay be the most
appropriatetarget group for El Alternately, this may have direct clinical relevance in
considering the risks of transition for adults and youth presenting with depressivdespin
routine clinical careEarlier interventions in such populations should consider theéogakfit
profiles of such interventions and thus less specific, but more benign interventions may be
preferable in such earlier stagéd, 65) Consideration of diagnosis for such individuals may
also be conceived in a credmgnostic staging perspective where such episodes of major
depression may be considered to be at dllpess stage for a more severe stafjeecurrent

unipolar disardeor a different disorder such as BD or psychotic disorders.

Considering “‘autcomes broader than BD, such as severe psychotic disardergans
diagnostic prevention approach may be useful as some of these riskanaagdoetrue for
severe psychotic disordeas well Future metaanalyseaising transdiagnostic outcomesr
primary cohort studiesf young people enriched using these risk factors asaist in refining

risk stages for Band psychosesiven thatMDD may heratl the onset of a range of serious
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mental illnesses, as well @asor physical health and vocational outconiesluding multiple
outcomes in prevention strategies is not only helpful but may evapdessary astatistical

powermay be limited irefforts forsingle disorder preventiof®6).
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Fig 1: Flow diagram of studies selected for inclusion
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Study name Statistics for each study Rate and 95% ClI

Standard Lower Upper
Rate error Variance limt  limt

Kane 82 0.046 0.046  0.002 -0.044 0.135
Prien 84 0.069 0.016  0.000 0.038 0.099
Coryell 87 0.035 0.007  0.000 0.021 0.049
Johnson'91___/0.031 0.007  0.000 0.017 0.045
Strober 93 ,0.043 0019  0.000 0.005 0.082
Bauwens 98 0.020 0029  0.001 -0.036 0.077 —
Schwartz 20000.035 0.013  0.000 0.009 0.061
Furukawa 20000.028 0.013  0.000 0.003 0.053
Delbello 03.__0.081 0.018  0.000 0.047 0.116
Benvenuti 08 __0.034 0.012 0.000 0.010 0.058
Sharma14  0.057 0023  0.001 0.011 0.102

0.040 0.005 0.000 0.030 0.049

’|++++T+"+

-0.25 -0.13 0.00 013 0.25

Fig 2: Incidence of BD in the first 2 years of follayp-in random effects metnalysis (n=11). Sensitivity analysis excluding Gan 11 due to

high statistical (f = 49.5%) and clinical heterogeneity. Heterogeneity for current analysis (Q= 10.46, df= #104%)
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Figure 3:sMetaregression of point prevalenceipblar disorder on length of follow-up (n= 34 independent repBltpe0.062, SE= 0.03, p=
0.038, F = 0.
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Comparison Study name Qulds ratio and 95%0
Qis  Loner  Ugper
raio  limt  limit
Antidepressart \dse Coldberg01 2500 0976 6404 G
Antidepressant Use DelbelloO3 0584 0193 1.767 —_—l
Antidepressant Use Bernenuti 08 3051 0371 25.121
Antidepressant Use Shamma 14 1.839 0320 11.146
1532 0675 3477
Farily history of BD. Goldberg01 2000 0360 11.126
Family history of BD Shama14 6737 1.144 39667
Farrily history of BD Strober8 4300 1.144 16.167 —
Farrily history of BD Aliskal 83 28333 3542226637
Farrily history of BD Ruggero 11 1247 0227 6842
Family history of BD Fedorowicz 11 2426  1.363  4.319
Family history of BD Tondo 14 2719 2088 3542

288 2012 4136
Farily history of depressive disorders Ruggero 11 4263 1.159 15679
Farrily history of depressive disorders  Hedorowicz 11 0938 0616 1.429
Family history of depressive disorders Boschloo 14 1.367 0644  2.901

1418 0711 2828
Farrily history of mood disorders Strober 82 4086 0479 34.859
Farily history of mood disorders Tondo 14 1612 1301 1.99%
Farily history of mood disorders Li 14 1400 0285 6.8
Farmily history of mood disorders Paaren14 3240 0952 11.025

1655 1344 2038

“}’ .W}ﬁl ‘ ‘

Fermele gender. Coldberg01 0944 0365 2441

Fermale gender Aldslal 83 0647 0258 162

Fermale gender Ruggero 11 1.046 0311 3515

Femele gender: Fedorowicz11 1.418 0906 222 —

Fermele gender Tondo 14 0691 0570 0837 -

Fermale gender Li 14 0841 0304 2331 ——

Female gender Boschloo14 0260 0.138 0483 ——
0737 0480 1.130 P

Psychatic synptons Golcberg01 7636 1492 39.0%

Psychatic synptons Strober8 45000 7.796259.747

Psychatic symptorms Aliskal 83 4132 1423 11.9% ——

Psychatic symptorms Johnson91  1.087 0310 3807 S U

Psychatic symptoms Comyell 95 3287 13% 7.741 —_—
4760 1.789 12664 ———

0.01 01 1 10 100

Fig 4: Categorical predictors of transition to Bipolar Disorder (BD) in random effects meta analyses

Lower odds with risk factor present

This article is protected by copyright. All rights reserved

Higher odds with risk factor present



Ratheesh Metanalysis oDepression to BD

Note: Heterogeneity values are as follows: Antidepressant use (Q=2.62, Q’d698),IFamily history of BD (Q=6.93, Q df=6=113.4%),

29

family Historyof mood disorders (Q=1.94, Q df=35=10%), family history of depressive disordefd3%2.49, Q df=2,419.7%), female gender

(Q=5.84,Q.df=6,% 0%), presence of psychotic symptoms (Q=5.29, Q df=428.5%)

Study name Statistics for each study
Hedgess Standard Lower Upper
g emor  Varance limt limit
Akiskal 83 0.650 025 0050 -1.090 -0.209
Coryell %5 0407 0144 0021 0689 014
Ruggero 11 0.141 0305 008 0739 0457
Gilmen 12 “0:364 0065 0004 042 0236
Tondo 14 0.292 0047 0002 038 019
Boschoo 14,  -0.024 0159 0025 -03% 0287
0.316 0052 0003 0418 0213

Hedges's gand 95%Cl

-1.00

—

-
.

<&
050

Greaterrisk with lower age of onset

0.00 0.50 100

Greater isk with higher age of onset
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Fig 5: Impact of age of onset on transition to BD in random effects analysis (Hedge83)SE=0.05, Q=5.9Q, df= 5, 1°=15.3%))
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